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© A catalyst is comprised of a catalyst carrier (2; 
6) and a coat layer (3, 4; 7) containing cerium 
particles, active alumina particles and a catalyst 
component of a noble metal; and barium oxide is 
immobilized on the cerium oxide particles. The cata- 
lyst can suppress the growth of crystals of cerium 
oxide due to the immobilization of the barium oxide 
thereon, thereby improving heat resistance of the 
catalyst. 



FIG. 2 
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CATALYST FOR PURIFICATION OF EXHAUST GASES 



BACKGROUND OF THE INVENTION 



1 . Field of the Invention 

The present invention relates to a catalyst for 
the purification of exhaust gases and, more particu- 
larly, to a catalyst mounted to an exhaust system 
for purifying exhaust gases by adsorbing hazard- 
ous components thereof. 



2. Description of Related Art 

Exhaust gases from vehicles are purified by 
removing their hazardous and noxious components 
such as NOx, CO and so on by, for example, 
ternary catalysts which may be disposed in the 
exhaust system. 

U. S. Patent No. 4,888,320 discloses a catalyst 
composed of a catalyst carrier with two coats de- 
posited thereon. Specifically, a first coat is depos- 
ited on a surface of the catalyst carrier and a 
second coat is further deposited on a surface of 
the first coat and, more specifically, the first coat is 
comprised of alumina and the second coat is com- 
prised of alumina containing cerium oxide Ce0 2l 
platinum Pt and rhodium Rh. As the second coat is 
formed on the alumina layer as the first coat, the 
second coat containing a catalyst constituent such 
as platinum can be made uniform in coat thickness, 
preventing the catalyst component from sintering. 

Japanese Patent Unexamined Publication 
(kokai) No. 113,487/1975 discloses a catalyst for 
the purification of exhaust gases in which a plati- 
num group metal is deposited on the coat layer 
formed on the catalyst carrier comprised of active 
alumina by preparing a sfurry solution containing at 
least one of chromium and tungsten and at least 
one of calcium, strontium, barium, silicon, tin and 
zirconium and coating the slurry solution on the 
surface of the carrier. 

Japanese Patent -Unexamined Publication 
(kokai) No. 71,536/1987 discloses a catalyst con- 
sisting of a first coat layer comprised of alumina 
containing platinum and rhodium and a second 
coat layer, which is formed on the first coat layer, 
containing cerium oxide and palladium. 

Further, Japanese Patent Examined Publication 
(kokoku) No. 14.338/1987 discloses technology of 
forming a coat on the surface of a catalyst carrier 
by preparing a slurry from a mixture of an active 
alumina with at least one of cerium, zirconium, iron 
and nickel and at least one of platinum, palladium 
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and rhodium, coating the slurry on thesurface of 
the carrier to form a wash coat as well as drying 
and calcining the wash coat. 

It is to be noted that the coat with cerium oxide 
5 contained therein can exhibit the effect of storing 
oxygen due to the cerium oxide. This effect of 
storing oxygen is such that, when the concentration 
of oxygen is high, namely, when the air/fuel ratio is 
on the lean side, the oxygen is adsorbed while, 
w when the concentration of oxygen is low, namely,' 
when the air/fuel ratio is on the rich side, the 
oxygen is discharged, thereby contributing to the 
catalytic reaction of the catalyst. Therefore, due to 
the catalytic effect of storing oxygen to be 
is achieved by the cerium oxide contained in the 
catalyst, the catalyst has an extended region of the 
air/fuel ratio in which the catalyst can react with 
nitrogen oxides (NOx), hydrocarbons (HC) and so 
on. Hence, cerium oxide contributes to improve- 
20 ments in catalytic performance. It is also known 
that cerium oxide itself can react with water to 
cause a reaction with hydrogen gas, thereby serv- 
ing as improvements in catalytic performance. Ce- 
rium oxide, however, may have the tendency that 
25 its crystal grows and its crystalline structure is 
rendered so large that a specific surface area of 
the cerium oxide becomes small. A smaller specific 
surface area of the cerium oxide results in a reduc- 
tion in the catalytic effect of storing oxygen and in 
30 the reaction with hydrogen gas. Such a tendency 
that cerium oxide contained in the catalyst causes 
heat deterioration on account of the crystal growth 
due to a high -temperature heat applied to the cata- 
lyst from exhuast gases suffers from the difficulty 
as to stabilize the catalytic activity of the catalyst with 
the cerium oxide contained therein at low tempera- 
tures. 



40 SUMMARY OF THE INVENTION 

The present invention has been performed in 
the situation as described hereinabove and under 
45 such conditions where the engine output power 
becomes high and great improvements have been 
achieved in fuel and emission performance, there- 
by causing exhaust gases to become higher in 
temperature. 

so Therefore, the present invention has the object 

to provide a catalyst for the purification of exhaust 
gases with improved heat resistance, adaptable to 
withstand heat deterioration of cerium oxide con- 
tained in the catalyst and. as a result, to improve 
heat resistance of the catalyst resulting in improve- 

2 
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ments in the overall catalytic., performance of the 
catalyst. 

In order to achieve the object, the present 
invention consists of a catalyst for. the. -purification 
of exhaust gases, comprising a catalyst carrier and 5 
a coat layer formed on a surface of the catalyst 
carrier; 

wherein the coat layer contains a catalyst compo- 
nent of a noble metal, active alumina and cerium 
oxide; and 10 
barium oxide is immobilized on particles of cerium 
oxide. 

With the arragement as described hereinabove, 
immobilization, of barium oxide on the cerium oxide 
particles prevents the cerium oxide particles from 75 
aggregating with each other and suppressing the 
growth of crystals of cerium oxide upon exposure 
to", heat at high temperatures from exhaust gases, 
thereby stopping the cerium oxide from causing 
heat deterioration. The suppression of heat deterio- 20 
ration on the part of the cerium oxide in the cata- 
lyst serves as improvements in heat resistance and 
catalystic performance of the catalyst. 

Other "objects, features and advantages of the 
present invention will become apparent in the 25 
course of the description of. the preferred embodi- 
ments, which .follows, in conjunction with the ac- 
companying drawings. . 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. i is a diagrammatic side view in section 
showing an exhaust system to which the cata- 35 
lyst for the purification of exhaust gases accord- 
ing to an embodiment of the present invention is 
to be mounted. 

FIG. 2 is a partially enlarged sectional view 
showing the catalyst for the purification of ex- 40 
haust gases according to an embodiment of the 
present invention in a direction normal to the 
direction in which exhaust gases pass. 
FIG. 3 is an partially enlarged, diagrammatic 
representation of the catalyst according to an 45 
. embodiment of the present invention. 
FIG. 4 is a graph showing the characteristic 
concerning the relationship, of the HC purifica- 
tion ratio with the temperature of exhaust gases 
at the inlet of the catalyst. so 
FIG. 5 is a graph showing the characteristic 
concerning the relationship of the HC purifica- 
tion ratio with varying amounts of barium oxide. 
FIG. 6 is a graph showing the characteristic 
concerning the relationship of the HC purifica- 55 
tion ratio with varying amounts of lanthanum 
oxide. 

FIG. 7 is a graph showing. the characteristic 



concerning the relationship of the HC purifica- 
tion ratio with varying amounts of barium oxide. 
FIG. 8 is a graph showing the characteristic 
concerning the relationship of the HC purifica- 
tion ratio with varying amounts of cerium oxide. 
FIG. 9 is a graph showing the relationship of the 
amount of H2S formed with air/fuel ratios. 
FIG. 10 is a partially enlarged sectional view 
showing the catalyst for the purification of ex- 
haust gases according to another embodiment 
of the present invention in a direction normal to 
the direction in which exhaust gases pass. 
FIG. 11 is a graph showing the state of at- 
mospheres of exhaust gases at varying time 
periods in testing the activity of removing hy- 
drogen sulfide from the exhaust gases. 
FIG. 12 is a graph showing the relationship of 
varying amounts of barium oxide with the 
amounts of hydrogen sulfide formed and with 
the purification ratios of hydrocarbons j (HC) 
when the catalyst according to another embodi- 
ment of the present invention is used. 7 * 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS . , 

The present invention* will be described 
hereinafter more in detail in conjunction with the 
accompanying drawings. 

As shown in FIG. 1, the automotive vehicle is 
provided with an exhaust tube 10 for discharging 
exhaust gases from a combustion engine thereof 
and the exhaust tube 10 is provided with an ex- 
haust system 12 which comprises a housing 14 
connected to the exhaust tube 10 and a catalyst 
system for purifying exhaust gases disposed within 
the housing 14 comprising the catalyst 1 according 
to the present invention. 

First Embodiment (FIGS. 2-10) 



Description will be made of the specific con- 
struction of the catalyst 1 according to the first 
embodiment of the presenfinvention. 

As shown in FIGS. 2 and ,3, the catalyst 1 
comprises a catalyst carrier 2 and a coat com- 
prised of a first coat layer 3 formed on a surface of 
the catalyst carrier 2 with- a second coat layer 4 
formed on a surface of the first coat layer 3. 

The catalyst carrier 2 may be of a honeycomb 
structure having a large number of pores 16 ex- 
tending in the direction parallel to the passage of 
exhaust gases. The catalyst carrier 2 may include, 
for example, ceramics such as cordierite, heat- 
resistant metal, and heat-resistant inorganic, fibers. 

The first coat layer 3 comprises active alumina 
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as a major component and a catalyst component 
comprised of a noble metal which may be con- 
tained in a dispersed state in the active alumina 
and which may include, for example, platinum and 
rhodium. 

The second coat layer 4 may comprise cerium 
oxide as a major component active alumina and 
palladium that in turn is immobilized on the cerium 
oxide. Further, barium oxide is immobilized on the 
cerium oxide particles and, if desried, lanthanum 
oxide may be immobilized on the cerium oxide 
particles, in addition to barium oxide. 

The catalyst 1_ may be prepared in the follow- 
ing manner. 

An appropriate amount of gamma-aluminium 
oxide (AI2O3) may be admixed with appropriate 
amounts of boehmite, water and nitric acids, there- 
by forming a slurry. The catalyst carrier 2 may then 
be taken from the slurry and a surplus of the slurry 
on the surface of the catalyst carrier 2 may be 
removed by air blowing, thereby giving the catalyst 
carrier 2 with the slurry coated to the surface 
thereof as a wash coat. The carrier 2 with the slurry 
may be dried at elevated temperature for an appro- 
priate period of time and then calcined for an 
appropriate time period at a temperature higher 
than the temperature at which the carrier 2 with the 
slurry has been dried, thereby providing the cata- 
lyst carrier 2 with the first coat layer 3 formed on 
the surface thereof. 

The catalyst carrier 2 with the first coat layer 3 
may then be impregnated with a solution contain- 
ing a noble metal compound, thereby depositing 
the noble. metal on the first coat, layer 3 as the 
catalyst component. As the noble metal compound 
may be appropriately selected a platinum com- 
pound and a rhodium compound. As the platinum 
compound, there may be employed any one that 
can exhibit the activity of purifying exhaust gases 
when deposited on the catalyst carrier and may 
include, for example, Pt(N0 2 )2(NH3) 2l platinum 
chloride, and so on. The rhodium compound may 
include, for example, rhodium nitrate and so on, 
although any rhodium compound may be used for 
this purpose as long as it can demonstrate the 
function of removing hazardous components from 
exhaust gases when deposited on the catalyst car- 
rier. The catalyst carrier 2 with its first coat layer 3 
may be dried for an appropriate period of time at 
elevated temperature and then calcined for an ap- 
propriate time period at a temperature higher than 
the temperature at which the catalyst carrier 2 with 
the first coat layer 3 has been dried, thereby de- 
positing the noble metal on the first coat layer 3 as 
the- catalyst component The amount of the alumina 
in the first coat layer 3 may appropriately range 
from 2% to 10% by weight with respect to the 
weight of the catalyst carrier 2 and the amount of 
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the noble metal to be deposited on the first coat 
layer be above approximately 1 .0 grams per liter. 

Separately from the catalyst carrier 2 with the 
first coat layer 3 on which the catalyst component 
s has been desposited, cerium oxide <Ce0 2 ) and 
boehmite are admixed with barium nitrate [Ba(N0 3 
) 2] in appropriate amounts and the mixture may be 

) dried to form a solid mass which in turn may be 
pulverized into finely divided particles having an 
10 average particle size of 100 Angstroms or smaller, 
preferably ranging from 50 to 100 Angstroms. It is 
to be noted herein that the barium is immobilized 
on the particles of the cerium oxide. 

The resulting powders may then be admixed 
75 with an aqueous of palladium chloride, resulting in 
a slurry in which the catalyst carrier 2 with the first 
coat layer 3 may in turn be immersed to thereby 
form a second coat layer 4 on the surface of the 
first coat layer 3. After a surplus of the slurry on 
so the surface of the first coat layer 3 has been 
removed by means of air blowing, the carrier 2 
may be dried for an appropriate period of time at 
elevated temperature and then calcined for an ap- 
propriate period of time at a temperature higher 
25 than the temperature at which the carrier 2 has 
been dried, thereby yielding the catalyst carrier 2 
with the second coat layer 4 formed on the surface 
of the first coat layer 3 and converting the immo- 
bilized barium into barium oxide. The amount of 
30 the wash coat in the second coat layer 4 may vary 
with respect to the weight of the catalyst carrier 2 
and the amount of palladium deposited may be 
above 0.5 gram per liter. The amount of the barium 
oxide to be immobilized may vary and range usu- 
35 ally from 1% to 15% by weight, preferably from 
1% to 10% by weight, with respect to the amount 
of a total wash coat of the first coat layer 3 and the 
second coat layer 4, and the amount of the cerium 
oxide may range usually from 2% to 45% by 
40 weight, preferably from 5% to 30% by weight, with 
respect to the total weight of the first coat layer 3 
and the second coat layer 4. 

For the catalyst 1_ as prepared hereinabove, the 
barium oxide immobilized on the cerium oxide par- 
45 tides can suppress the particles of the cerium 
oxide from aggregating with each other and enlarg- 
. ing their particles, thereby enabling a prevention of 
the growth of crystals of the cerium oxide upon 
exposure to exhaust gases having high tempera- 
50 tures. More specifically, a very large number of 
pores formed in the cerium oxide crystals can 
serve as rendering the crystals of the cerium oxide 
denser and more tight due to the lattice dispersion 
of barium ions, so that the migration or distortion of 
55 the lattice of the cerium oxide is suppressed, there- 
by preventing the particles of the cerium oxide 
from growing and enlarging and, consequently, 
suppressing heat deterioration exerting adverse im- 

4 
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pacts on the ability of purifying exhaust gases and 
stabilizing the catalytic activity at low temperatures 
as well as improving heat resistance of the catalyst. 

When rhodium is used, and deposited together 
with platinum in the first coat layer 3, the rhodium 
having heat resistance may be interposed among 
the platinum, thereby preventing the platinum from 
sintering and suppressing heat deterioration of the 
platinum. As described hereinabove, the deposition 
of the rhodium can also serve as suppressing heat 
deterioration of the catalyst itself. 

The catalysts according to the present inven- 
tion will be described more in detail by way of 
working examples with reference to comparative 
examples, in. conjunction with the accompanying 
drawings. 

First, in order to support the heat resistance of 
the catalyst according to the present invention. 
- experiments have been made in comparison with 
catalysts obtained by comparative examples. 



Example A 



100 grams of, gamma-aluminium^ oxide (AI2O3) 
and 100 grams of boe1irrTne>efe-edmixed with 240 
ml of -water and 1.00 ml .of nitric acid. In the 
resulting . slurry was immersed a catalyst carrier 
having a honeycomb structure, and the catalyst 
carrier 2 was taken from the slurry and a surplus of 
the slurry on the surface of the catalyst carrier 2 
was removed by air blowing. The carrier 2 with the 
slurry was dried at 130*C for 1 hour and then 
calcined at 55 * C. for 1 .5 hours, thereby forming a 
base coat layer. 

The catalyst carrier 2 with the base coat layer 
was then impregnated with a solution containing a 
platinum compound as represented by formula: Pt- 
(N02)2(NH 3 ) 2t and rhodium nitrate. The catalyst 
carrier 2 with its first coat layer 3 was dried at 
200 * C for 1 hour and then calcined at 600 C for 
2 hours to. thereby form the first coat layer 3. The 
amount of the alumina (the amount of a wash coat) 
was varied from 2% to 10% by weight with respect 
to the weight of the catalyst carrier 2. and the total 
amount of the noble metal deposited was 1.6 
grams per. liter with the ratio of platinum to rhodium 
of 5 to 1. 

Separately from the catalyst carrier 2 with the 
first coat layer 3, 120 grams of cerium oxide and 
50 grams of boehmite were admixed with a solu- 
tion of barium nitrate, and the mixture was dried to 
form a solid mass which in turn was pulverized into 
finely divided particles having an average particle 
size of 100 Angstroms. The barium nitrate was 
added in such an amount as to account for 5% by 
weight as barium oxide with respect to the amount 
of a total wash coat of the first and second coat 



layers 3 and 4 and the cerium oxide was added in 
such an amount as to account for 14% by weight 
with respect to the weight of the catalyst carrier 2 
and the first coat layer 3. 

5 The resulting powders were then admixed with 

a solution of palladium chloride and 240 ml of 
water, resulting in a slurry in which the catalyst 
carrier 2 with the first coat layer 3 was in turn 
immersed to thereby form a second coat layer 4 on 

70 the surface of the first coat layer 3. After a surplus 
of the slurry on the surface of the first coat layer 3 
has been removed by means of air blowing, the • 
carrier 2 was dried at 130* C for 1 hour and then 
calcined at 550 " C for 1.5 hours, thereby converting 

15 the barium immobilized on the particles of the 
cerium oxide into barium oxide. ■ 

The amount of a wash coat of the second coat 
layer 4 was found to be 14% by weight with 
respect to the weight of the catalyst carrier 2, and 

20 the amount of palladium deposited was 1.0 grams 
per liter. 

Example B 

25 - - ''■*■', 

The catalyst was prepared in substantially the 
. same manner as in Example A except for the 
addition of a solution of lanthanum nitrate, together 
with the barium nitrate, in such an amount as to 
30 account for 5% by weight as lanthanum oxide with 
respect to the weight of a total wash coat of the 
first and second coat layers 3 and 4. 

It is further to be noted that the rate in weight 
of the cerium oxide contained in the second coat 
35 layer 4 to the active alumina contained in the 
. second coat layer 4 may range from approximately 
95 to 5 to approximately 70 to 30. If the amount of 
the cerium oxide would be too much, the catalytic 
•activity may be improved whereas it may become 
40 likely to come off and its durability may be re- 
duced. On the other hand, a too small amount of 
the cerium oxide may reduce the activity of remov- 
ing CO from exhaust gases. 

45 

Comparative Example ^ 

* ' ■ ■ 

A mixture of 100 grams of gamma-aluminium 
oxide and 100 grams of boehmite was admixed 
50 with 240 ml of water, 1 ml of nitric acid and 60 
grams of cerium oxide, thereby forming a slurry. 
Into the slurry, there were added a lanthanum ni- 
trate solution and a barium nitrate solution so as to 
allow a total weight of the wash coat to account for 
55 21% by weight with respect to the weight of the 
catalyst carrier in a honeycomb structure to there- 
. by form an alumina slurry. In this slurry was im- 
. mersed the catalyst carrier, and the carrier was 
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taken from the slurry followed by removing a sur- 
plus of the slurry by means of air blowing. Then 
the carrier was dried at 130*C for 1 hour and 
calcined at 550 'c for 1.5 hours. Thereafter, the 
carrier was immersed in a solution containing given 5 
concentrations of platinum, rhodium and palladium. 
The immersed carrier was then dried at 200* C for 
1 hour and calcined at 600 " C for 2 hours, thereby 
yielding the catalyst containing each 5% by weight 
as lanthanum oxide and barium oxide with respect 10 
to the weight of the wash coat. 



Comparative Example 2 



75 



A mixture of 100 grams of gamma-aluminium 
oxide and 100 grams of boehmite was admixed 
with 240 ml of water and 1 ml of nitric acid, 
thereby forming a slurry in which the catalyst car- 
rier 2 was immersed, and the carrier was taken 20 
from the slurry followed by removing a surplus of 
the slurry by means of air blowing. Then the carrier 
was^ dried at 130°C for 1 hour and calcined at 
550 C for 1.5 hours. Thereafter, the resulting car- 
rier was immersed in a solution of platinum chlo- 25 
ride and rhodium chloride and it was then driedat 
200 ^ C for 1 hour followed by calcining it at 
600 C for 2 hours, thereby forming the first coat 
layer. The amount of the alumina {the amount of a 
wash coat) in the first coat layer was found to be 30 
7% by weight based on the weight of the carrier, 
and the amount of the noble metals deposited was 
found to be 1.6 grams per liter (a Pt:Rh ratio beinq 
5:1). 

Separately, a mixture of 120 grams of cerium 35 
oxide and 50 grams of boehmite was admixed with 
a solution of palladium chloride followed by drying, 
thereby forming a solid mass which in turn was 
pulverized into finely divided particles. To the re- 
sulting powders was added 240 ml of water to 40 
provide a slurry. In this slurry was immersed the 
first coat layer of the above-prepared carrier, and 
the carrier was removed from the slurry followed • 
by removing a surplus of the slurry remaining on 
the surface thereof by means of air blowing. The 45 
resulting carrier was dried at 130 ' C for 1 hour and 
then calcined at 550* C for 1.5 hours, thereby 
forming the second coat layer on the surface of the 
first coat layer. The amount of the alumina (the 
amount of the wash coat) in the second coatlayer . 50 
was found to be 14% by weight based on the 
weight of the earner, and the palladium deposited 
thereon was 1.0 gram per liter. 

The catalyst obtained in Example A and the 
catalysts obtained in Comparative Examples 1 and ss 
2 were tested for ability of removing hydrocarbons 
from exhaust gases. In this tests, each of the 
catalysts was filled in the amount of . 24 ml and 



aged for 50 hours at the air temperature of 900 " C 
. The exhaust gases used for the test were passed 
through the catalyst at a space velocity of 60,000 
hour- 1 under the air/fuel ratio of 14.7. The HC 
purification ratios were measured by varying the 
temperature of the exhaust gases at the inlet por- 
tion of the catalyst. The test results areshown in 
FIG. 4. As is apparent from the test results as 
shown in FIG. 4, it is found that the catalyst ac- 
cording to the present invention has shown its 
catalytic activity of purifying the exhaust gases at 
temperatures lower than the temperatures at which 
the catalysts according to the comparative exam- 
ples have shown, thereby suppressing heat deterio- 
ration and improving heat resistance. 

Example 1 

The catalyst was prepared in substantially the 
same manner as in Example A except for the use 
of a solution containing varying amounts of barium 
oxide. The tests made in the same manner as 
described hereinabove have revealed the results of 
removal of hydrocarbons as shown by line A in 
FIG. 5 in the same manner as tested hereinabove. 

It is to be noted from the test results as shown 
in FIG. 5 that, when the barium oxide was used in 
the amount of 12% by weight, the resulting catalyst 
has reduced its activity with respect to the HC 
purification ratio to some extent, however, the HC 
purification ratio is still extremely higher than the 
catalyst having no barium oxide immobilized on the 
cerium oxide particles, as will be shown in FIG. 12. 



Example 2 

The procedure of Example B above was re- 
peated except for using varying amounts of lan- 
thanum nitrate, thereby producing the catalysts 
having 1% by weight of the barium oxide, 14% by 
weight of the cerium oxide, and lanthanum oxide in 
the amounts ranging from 1% to 10% by weight 
(1%, 5% and 10% by weight, in this example), as 
indicated by circles on the line B in FIG. 6. 



Example 3 

The procedure of Example B above was re- 
peated except for using varying amounts of lan- 
thanum nitrate, thereby producing the catalysts 
having 5% by weight of the barium oxide, 14% by 
weight of the cerium oxide, and lanthanum oxide in 
the amounts ranging from 1% to 10% by weight 
(1%, 5% (Example B) and 10% by weight, in this 
example), as indicated by triangles on the line C in 
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FIG. 6. 



Example 4 



The procedure of Example B above was re- 
peated except for using varying amounts of lan- 
thanum nitrate, thereby producing the catalysts 
having 10% by weight of the barium oxide, 14% by 
weight of the cerium oxide, and lanthanum oxide in 
the amounts ranging from 1% to 10% by weight 
(1%, 5% and 10% by weight, in this example), as 
indicated -by squares on the line D in FIG. 6. 



Comparative Example 3 



The procedure of Example 2 above was re- 
peated except for using the appropriate amount of 
lanthanum nitrate, thereby producing the catalysts 
having 1% by weight of the barium oxide, 14% by 
weight of the cerium oxide, and 12% by weight of 
lanthanum oxide, as indicated by the circle on the 
line B in FIG. 6. 



Comparative. Example 4 



• : The procedure of Example 3 above was re- 
peated except for using the appropriate amount of 
lanthanum nitrate, thereby producing the catalysts 
having 5% by weight of the barium oxide, 14% by 
weight of the cerium oxide, and 12% by weight of 
lanthanum oxide, as indicated by the triangle on 
the line C in FIG. 6. 



Comparative Example 5 

The procedure of Example 4 above was re- 
peated except- for using the appropriate amount of 
lanthanum nitrate, thereby producing the catalysts 
having 10% by weight of the barium oxide, 14% by 
weight of the cerium oxide, and 12% by weight of 
lanthanum oxide, as indicated by the square on the 
line D in FIG. 6. • 

The catalysts obtained in Examples 2 to 4 and 
in Comparative Examples 3 to 5 were tested for 
their activities for removing hydrocarbon from ex- 
haust gases in the same manner as described 
hereinabove. The test results are shown in FIG. 6. 
As it is to be understood from the test results 
shown in FIG. 6 that the purification activity of the 
catalysts is reduced when the lanthanum oxide is 
contained in the amount of 12% by weight, the 
preferred range of the amount of the lanthanum 
oxide to be contained in the catalyst may be deter- 
mined to be from 1% to 10% by weight with 



respect to the weight of a total wash coat of the 
first coat layer 3 and the second coat layer 4. 



5 Example 5 



The procedure of Example B above was re- 
peated except for using varying amounts of barium 
nitrate, thereby producing the catalysts having 1% 
io by weight of the lanthanum oxide, 14% by weight 
of the cerium oxide, and barium oxide in the 
amounts ranging from 1% to 10% by weight (1%, 
5% and 10% by weight, in this example), as in- 
dicated by circles on the line E in FIG. 7. 

is 

Example 6 

The procedure of Example B above was re- 
20 peated except for using varying amounts of barium 
nitrate, thereby producing the catalysts having 5% 
by weight of the lanthanum oxide, 14% -by weight 
of the cerium oxide, and barium oxide' in the 
amounts ranging from 1% to 10% by weight (1%, 
25 5% and 10% by weight, in this example), as in- 
dicated by triangles on the line F in FIG. 7. 

Example 7 

30 

The procedure of Example B above was re- 
peated except for using varying amounts of barium 
nitrate, thereby producing the catalysts having 10% 
by weight of the lanthanum oxide, 14% by weight 
35 of the cerium oxide, and barium oxide in the 
amounts ranging from 1% to 10% by weight (1%, 
5% and 10% by weight, in this example), as in- 
dicated by squares on the line G in FIG. 7/ 

40 ' 
Example 8 



The procedure of Example 5 above was re- 
peated except for using the appropriate amount of 
45 barium nitrate, thereby producing the catalysts hav- 
ing 1% by weight of the lanthanum oxide, 14% by 
weight of the cerium oxide, and 12% by weight of 
barium oxide, as indicated by the circle on the line 
E in FIG. 7. ' 



Example 9 

The procedure of Example 6 above was re- 
55 peated except for using the appropriate amount of 
barium nitrate, thereby producing the catalysts hav- 
ing 5% by weight of the lanthanum oxide, 14% by 
weight of the cerium oxide, and 12% by weight of 
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barium oxide, as indicated by the triangle on the 
line F in FIG. 7. 



Example 10 



The procedure of Example 7 above was re- 
peated except for using the appropriate amount of 
barium nitrate, thereby producing the catalysts hav- 
ing 10% by weight of the lanthanum oxide, 14% by 
weight of the cerium oxide, and 12% by weight of 
barium oxide, as indicated by the square on the 
line G in FIG. 7. 

The catalysts obtained in Examples 5 to 10 
were tested for their activities for removing hy- 
drocarbon from exhaust gases in the same manner 
as described hereinabove. The test results are 
shown in FIG. 7. As it is to be understood from the 
, test results shown in FIG. 7 that the purification 
activity of the catalysts is reduced to some extent 
when the barium oxide is contained in the amount 
of 12% by weight, the preferred range of the 
amount . of the barium oxide to be contained in the 
catalyst may be determined to be from 1% to 10% 
by weight with respect to the weight of a total wash 
coat of the first coat layer 3 and the second coat 
layer 4, although a more amount of the barium 
oxide can perform the HC purification activity high- 
er than the catalyst containing no barium oxide and 
such an amount of the barium oxide should be 
noted. to be still contained in the scope of the 
invention. 



Example 11 . . 

The procedure of Example B above was re- 
peated except for using varying amounts of cerium 
oxide, thereby producing the catalysts having 1% 
by weight each of the barium oxide and the lan- 
thanum oxide and barium oxide in the amounts 
ranging from 5% to 30% by weight (5%, 10%, 
14%, 20% and 30% by weight, in this example), as 
indicated by circles on the line H in FIG. 8. 



Example 12 - , 

The procedure of Example B above was re- 
peated except for using varying amounts of cerium 
oxide, thereby producing the catalysts having 5% 
by weight each of the barium oxide and the lan- 
thanum oxide and cerium oxide in the amounts 
ranging from 5% to 30% by weight (5%, 10%, 
14%, 20% and 30% by weight, in this example), as 
indicated by triangles on the line I in FIG. 8. 



Example 13 

The procedure of Example 8 above was re- 
peated except for using varying amounts of cerium 

5 oxide, thereby producing the catalysts having 10% 
by weight each of the barium oxide and the lan- 
thanum oxide and cerium oxide in the amounts 
ranging from 5% to 30% by weight (5%, 10%, 
14%, 20% and 30% by weight, in this example), as 

70 indicated by squares on the line J in FIG. 8. 



Comparative Example 6 



75 The procedure of Example 8 above was re- 

peated except for using the appropriate cerium 
oxide, thereby producing the catalyst having 1 % by 
v/eight of the barium oxide and lanthanum oxide 
and 1% of cerium oxide, as indicated by circle on 

20 the line H in FIG. 8. 



Comparative Example 7 



25 - The procedure of Example 9 above was re- 
peated except for using the appropriate cerium 
oxide, thereby producing the catalyst having 5% by 
v/eight of the barium oxide and lanthanum oxide 
and 1% of cerium oxide, as indicated by triangle 

30 on the line I in FIG. 8. 



Comparative Example 8 



35 The procedure of Example 10 above was re- 

peated except for using the appropriate cerium 
oxide, thereby producing the catalyst having 10% 
, by weight of the barium oxide and lanthanum oxide 
and 1% of cerium oxide, as indicated by square on 
40 the line J in FIG. 8. 

The catalysts obtained in Examples 11 to 13 
and in Comparative Examples 6 to 8 were tested 
for their activities for removing hydrocarbon from 
exhaust gases in the same manner as described 
45 hereinabove. The test results are shown in FIG. 8. 
As it is to be understood from the test results 
shown in FIG. 8 that the purification activity of the 
catalysts is reduced when the cerium oxide is 
contained in the amount of 1% by weight, the 
so preferred range of the amount of the cerium oxide 
to be contained in the catalyst may be determined 
to be preferably from 5% to 30% by weight with 
respect to the weight of the catalyst carrier and the 
first coat layer 3, although the amount of the ce- 
ss rium oxide may generally range from 2% to 45% 
by weight. 
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Second Embodiment (FIGS. 9-12) 



Description will now .be: ; made; of the second 
embodiment of the catalyst; for. purifying exhaust 
gases according to the present invention in con- 
junction with FIGS. 9 to 12.. 

Before entering into description of the specific 
• cosntruction of the second embodiment of the 
present invention, the mechanism of purifying ex- 
haust gases, particularly hydrogen sulfide, will be 
described as the background of technology. 

The gasoline currently in use as a fuel for., 
automotive vehicles contains the sulfur component 
which in turn is converted into sulfur dioxide by 
crmNi^rion Hence, sulfur dioxide is contained in 

0. h.viM gases. The suifur dioxide reacts with hy- 
rtr-v^n h.- m the catalyst in the manner as de- 
s-ntv>:l MtMt^ir after. 

SO. ♦ H. - H : S + 0 2 (1) 
As ^ijiiur nydrogen so,, produced is noxious and 
o»Tr ( Tn. iv malodorous, demands have been made 
to s.jppr t: s3 the generation of sulfur hydrogen from 
tno ca:ojyst. 

r- it undortcod that hydrogen sulfide is gen- 
erate tnrcugi reduction on an equimolar basis in 
such an atmosphere that the air/fuel ratio is rich 
and. ^cwever,; that - no hydrogen sulfide is gen- 
erated; m;,.a concentration higher than the con- 
centration of suifur. dioxide at the inlet of the ex- 
haus: system. 

The stifur dioxide is trapped with a metal M in 
the catalyst and stored in the form of a metal salt 
MSOt . The stored sulfur dioxide may be freed 
from the metal salt when the air/fuel ratio is turned 
. from its lean atmosphere to its rich atmosphere 
and discharged as hydrogen sulfide. As the hy- 
drogen sulfur is temporarily discharged in a large 
amount, its malodor becomes intoreably remark- 
able and causes various problems. 

More specifically, when exhaust gases are ex- 
posed to such an atmosphere in which sulfur diox- 
ide is oxidized, the sulfur dioxide is reacted with 
the metaf in the catalyst and converted into the 
metal salt, followed by being stored in the catalyst, 
in the following manner. 

50 2 + 1/20r — S0 3 (2)- 

50 3 + MO — MSG* (3) 

It is also considered that the metal salt MSCU 
may be formed in the following way, too. 
MO + S0 2 + 1/202 — MSO* (4) 

As the metal M may include, for example, 
aluminium or cerium, the metal salt MSO+ may be 
in the form as represented by aluminium sulfite, 

1. e., AI 2 (SO*) 3 . or cerium sulfite, i.e., Ce 2 (SO*)2. 

The metal salt MSO* once stored in the cata- 
lyst is converted into hydrogen sulfide H2S in the 
manner as represented by the formula (5) below, 
when exhaust gases are turned from oxidation at- 



.mbsphere to reduction atmosphere, and the hy- 
drogen sulfide so generated is discharged in a 
large quantity, although temporarily. 
MSO* + 4H 2 — MO + H 2 S + 3HsO (5) 

5 FIG. 9 shows the relationship of the amounts of 

hydrogen sulfide with changes of exhaust gases in 
the air/fuel ratios. More specifically, as shown in 
FIG. 9. in such a state that the automotive vehicle 
is running in a stationary running mode in the 

jo oxidative atmosphere wherein the air/fuel ratio is 
16.0, the sulfur dioxide in the exhaust gases is 
stored in the form of the metal salt MSO4 in the 
catalyst. And when the stationary running state is 
changed to an idling state in which the automotive 

is vehicle is suspended, the oxidation atmosphere is 
also turned into the reduction atmosphere in which 
the air/fuel ratio is 13.5. In such a state that the 
air/fuel ratio is turned from its oxidation atmosphere 
to its reduction atmosphere, the reaction as repre- 
■ 20 sented by the formula (5) occurs, thereby generat- 
ing temporarily a large quantity of hydrogen sulfide 
together with malodor. When driving the automotive 
vehicle, such hydrogen sulfide can be generated, 
for example, when the automotive engine is shifted 

25 from - its running mode to its idling mode when 
temporarily ' suspending the automotive vehicle at 
crossings or parking, a large quantity of hydrogen 
sulfide is generated, thereby causing malodor. 
Therefore, demands for improvements have been 

30 made. 

Heretofore, measures have been made to sup- 
press the generation of hydrogen sulfide, for exam- 
ple, by controlling the reduction reaction, trapping 
hydrogen sulfide, and suppressing the formation of 

35 sulfate compounds. Among those. measures as de- 
scribed hereinabove, a mechanism of hydrogen 
sulfide being trapped has already been elucidated 
so that the specific way of suppressing the forma- 
tion of hydrogen sulfide is adopted by using the 

40 technology of trapping hydrogen sulfide. Specifi- 
cally, sulfur dioxide is reacted with cerium oxide to 
produced cerium sulfite, Ce(SO*)2 which in turn is 
reacted with hydrogen in the reduction atmosphere 
forming hydrogen sulfide. The hydrogen- sulfide is 

45 then reacted with a metal oxide, MOx, and trapped 
in the form of a metal sulfide, MSx, in the catalyst, 
thereby failing to discharge the hydrogen sulfide 
toward the outside. 

Therefore, the technique of trapping hydrogen 

so sulfide adopted in the measure applied to the auto- 
motive vehicles for suppressing the formation of 
hydrogen sulfide involves using nickel as a compo- 
nent for the catalyst; This technique can trap hy- 
drogen sulfide as nickel sulfide by allowing the 

55 hydrogen sulfide to be exposed to the nickel in the 
presence of cerium oxide in an atomosphere in 
which the air/fuel ratio is rich, namely, in the reduc- 
tion atmosphere. 
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and then the carrier 6 was calcined at the tempera- 
ture of 550 C and in the oxidation atmosphere, 
thereby resulting in the formation of a coat layer. 
This, treament allowed the barium immobilized on 
s the cerium oxide to react with oxygen converting 
into barium oxide. 

The resulting catalyst carrier 6 having the alu- 
mina layer with the barium oxide immobilized 
thereon was then immersed in a solution of appro- 
w priate amounts of platinum chloride and rhodium 
chloride in 170 ml of water, and the immersed 
carrer was taken from the solution followed by 
removing a surplus of the solution containing the 
noble metal compounds by means of air blowing. 
is Thereafter, the resulting catalyst carrier 6 was cal- 
cined at 600 ° C for 2 hours, thereby forming the 
coat layer 7. . . 

The resulting coat layer 7 contained the alu- 
mina in the amount (as an amount of the wash 
20 coat) of 28% by weight with respect to the weight 
of the catalyst carrier 6, and the cerium oxide was 
contained in the amount of 40% by weight with 
respect to the weight of the wash coat while the 
barium oxide was contained in the amount of 2.5% 
25 by weight (3.0 grams per liter) with respect to the 
weight of the wash _coat. The amounts of platinum 
and rhodium were 1.0 grams per liter and 0.2 gram 
per liter, respectively. . ' , 

30 

Example 12 

The catalyst was prepared in substantially the 
same manner as in Example 1 1 except for the use 
35 of barium oxide so as to allow the barium oxide to 
be immobilized on the cerium oxide in .the amount 
of 3.3% by weight with respect to the weight of the 
wash coat. 

40 

Example 13 



The catalyst was prepared in substantially the 
same manner as in Example 1 1 except for the use 
45 of barium oxide so as to allow the barium oxide to 
be immobilized on the cerium oxide in the amount 
of 5.8% by weight with respect to the weight of the 
wash coat. 

50 

Example 14 



However, this tecknique using nickel for the 
method for suppressing the formation of hydrogen 
sulfide is prohibited particularly in European coun- 
tries due to its formation of nickel carbonyl causing 
carcinogenesis. Therefore, strong demands have 
been made to establish the technique for suppress- 
ing the generation of hydrogen sulfide without nick- 
el. 

As a result of extensive studies on the method 
for suppressing hydrogen sulfide using a substitu- 
ent for nickel, it has now been found that barium 
can trap hydrogen sulfide. This technique involving 
the use of barium will now be described more in 
detail as the second embodiment according to the 
present invention. 

As shown in FIG. 10, like the catalyst according 
to the first embodiment of the present invention, 
the catalyst 5 according to the second embodiment 
of the present invention comprises a catalyst car- 
rier 6 having a large number of pores 16 passing 
through the entire thickness of the carrier and 
extending in a direction parallel to the direction of 
passage of exhaust gases. A coat layer 7 com- 
prised of cerium oxide (CeOz) is provided on inner 
surfaces over the entire length of the fine pores 16 
formed in the catalyst carrier 6. 

The coat layer 7 is comprised mainly of active 
alumina Al 2 0 3 in which a catalyst component con- 
sisting of a noble metal and barium oxide are 
contained. The catalyst component is present in 
the active alumina in a dispersed state, and at least 
one of platinum and rhodium is contained as the 
catalyst component. 

The catalysts according to the second embodi- 
ment, of the present invention will be described 
more in detail by way of examples in conjunction 
with the accompanying drawings. 

Example 11 , 

240 grams of cerium oxide was impregnated 
with an appropriate amount of barium oxide and 
the resulting mixture was calcined to thereby im- 
mobilize the barium oxide on the cerium oxide. The 
powders of the cerium oxide with the barium oxide 
immobilized thereon were then admixed with 240 
grams of active alumina, 120 grams of boehmite, 
1.000 ml of water and 10.0 ml of nitric acid, and 
the mixture was homogeneously stirred with a ho- 
mogenizer, thereby forming a slurry for a wash 
coat. 

Into the slurry was immersed the catalyst car- 
rier 6 of a honeycomb structure, and the catalyst 
carrier 6 was taken from the slurry followed by ss 
removing a surplus of the slurry from the carrier by 
means of air blowing. The carrier 6 with the slurry 
adhering thereto was dried at 600 * C for 1 hour 
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The catalyst was prepared in substantially the 
same manner as in Example 1 1 except for the use 
of barium oxide so as to allow the barium oxide to 
be immobilized on the cerium oxide in the amount 
of 7.5% by weight with respect to the weight of the 
wash coat. 
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Example 15 

The catalyst was prepared in substantially the 
same manner as in Example 11 except for the use 
of barium oxide so as to allow the barium oxide to 
be immobilized on the cerium oxide in the amount 
of 1 1 .7% by weight with respect to the weight of 
the wash coat. 



Example 16 

■ The catalyst was prepared in substantially the 
same manner as in Example 11 except for the use 
of barium oxide so as to allow the barium oxide to 
be immobilized on the cerium oxide in the amount 
of 13.3% by weight with respect to the weight of 
the wash coat. 



Comparative Example 12 

The catalyst was prepared in substantially the 
same manner as in Example 1 1 except for no use 
of barium oxide. 

The catalysts so prepared were then tested for 
a variation in the amounts of hydrogen sulfide 
formed with lapse of the time period, namely, with 
changes in the air/fuel ratios. As shown in FIG. 11. 
exhaust gases having the air/fuel ratio of 13.5 start- 
ed discharging in the period (1) during which the 
temperature of the exhaust gases were elevated to 
500 * C '. In the period/ (2), the air/fuel ratio was 
raised to "16.0 in order to bring the air/fuel ratio into 
' the oxidation atmosphere. Then in the' period (3), 
the air/fuel ratio was lowered to 13.5 and brought 
into the reduction atmosphere, thereby causing hy- 
drogen sulfide. Then the maximum concentrationof 
hydrogen sulfide discharged in the period (3) was 
measured. 

The catalysts to be tested were aged jn the 
atmosphere having the temperature of 900 C for 
50 hours prior to testing. Then they were tested for 
its HC purification ratio at the temperature of 400 
* C at the inlet portion of the catalyst system in the 
atmosphere of the air/fuel ratio being 14.5 at the 
space velocity of 60,000 hour" 1 . 

As shown in FIG. 12, it is found that the cata- 
lysts prepared in Examples 11 to 16 reduced the 
amount of hydrogen sulfide formed below approxi- 
mately 50 ppm, while the catalyst prepared in 
Comparative Example 12 produced hydrogen sul- 
fide in the amount as high as 100 ppm. In other 
words, the catalyst according to the present Inven- 
tion reduced the formation of hydrogen sulfide as 
low as half or less that formed by the catalyst 
without any barium oxide immobilized. Further, as 
shown in FIG. 12, the catalyst prepared in Exam- 



ples 11 to 16 exhibited ' the ability of purifying 
exhaust gases, i.e., removing hydrocarbons from 
exhaust gases, higher than the catalyst prepared in 
Comparative Example 12 in which no barium oxide 

5 was immobilized. The test results as shown in FIG. 
12 reveals that the' catalyst according to the sec- 
ond embodiment of the present invention may pref- 
erably contain the barium oxide in the range gen- 
erally from 1% to 15% by weight, preferably from 

70 3% to 13% by weight. 

It is noted that the mechanism of suppressing 
the generation of hydrogen sulfide by the addition ■ 
of the barium oxide proceeds as follows. 

On the rich side of the air/fuel ratio, namely, in 

75 the reduction atmosphere of exhaust gases, barium 
oxide is considered to be converted into barium 
sulfide BaS by reaction with cerium sulfite, Ce2- 
(SCM2, in the following formula (6), thereby forming 
no hydrogen sulfide. 

20 Ce 2 (SO*) 2 + 4BaO + 17H 2 — 
Ce 2 0 3 + 4BaS + 17H 2 0 ■ (6) 

The barium sulfide BaS so preduced is ^reacted 
with oxygen in the follwoing reaction formula (7) to 
give barium sulfate, producing no cerium sulfite 

25 Ce2(SCU)2 and suppressing the storage -of sulfur 
dioxide. 

BaS + 2O2 — BaO + S0 2 or 
BaS + 20 2 — BaSO* - (7) 

As described hereinabove, the catalyst 5 ac- 
30 cording to the second embodiment of the present 
invention has the coat layer 7 comprising cerium 
oxide, barium oxide immobilized on the cerium 
oxide, active alumina, and the catalyst component 
comprised of platinum and/or rhodium. Hence, the 
35 present invention can provide the catalyst by using 
harmless barium, thereby trapping hazardous sulfur 
components in the catalyst and suppressing the 
generation of malodorous hydrogen sulfide, without 
the use of nickel. 
40 The present invention may be embodied in 

other specific forms without departing from the 
spirit and scope thereof. The present embodiments 
as described hereinabove are therefore to be con- 
sidered in all respects as illustrative and not restric- 
ts tive, the scope of the invention being indicated by 
the appended claims, and all the changes, modi- 
fications and variations which come' within the 
meaning and range of equivalency of the claims 
• are therefore intended to be encompassed within 
50 the spirit and scope of the invention. 



Claims 

1 . A catalyst for purifying exhaust gases, compris- 
ing: ' 

a catalyst carrier (2; 6) and a coat layer (3, 4; 7); 
wherein the coat layer (3, 4; 7) contains cerium 
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oxide particles, active alumina particles and a cata- 
lyst component of a noble metal; and 
barium oxide is immobilized on the cerium oxide 
particles. 

2. A catalyst as claimed in claim 1, wherein the s 
coat layer (7) is of a one-layer form. 

3. A catalyst as claimed in claim 1 or 2, wherein 
the noble metal is platinum and/or rhodium. 

4. A catalyst as claimed in anyone of claims 1 to 3, 
wherein the barium oxide is immobilized in an w 
amount ranging from 1% to 15% by weight with 
respect to the weight of a wash coat of the coat 
layer (3. 4). 

5. A catalyst as claimed in claim 4, wherein the 
amount of the barium oxide is from 3% to 13% by 75 

G A catalyst as claimed in claim 1, wherein the 
cox lay* comprises a first coat layer (3) formed 
on a surface of the catalyst carrier (2) and a 
s»v:ono coat layer (4) formed on a surface of the 20 
S'.'.-orx: coal layer (3); 

vk- irst coat layer (3) comprises an alumina layer 
cont3inif>3 the catalyst component of the noble 
moia' and 

trie sveone coat layer (4) comprises the cerium 25 
oxue particles, the active alumina particles, and 
the catalyst component of the noble component, 
wherein barium oxide is immobilized on the cerium 
ox de panicles. 

7. A catalyst as claimed in claim 6, wherein the 30 
noote metal contained as the catalyst component in 

the first coat layer (3) is platinum and/or rhodium; 
and 

the nobla metal contained as. the catalyst compo- 
nent tn the second coat layer (4) is palladium. 35 

8. A catalyst as claimed in claim 6 or 7, wherein • 
the barium oxide is immobilized in an amount 
ranging from 1% to 10% by weight with respect to 
the weight of a total wash coat of the first coat 
layer (3) and the second coat layer (4). 40 

9. A catalyst as claimed in anyone of claims 6 to 8, 
wherein the cerium oxide particles are contained in 
an amount ranging from 2% to 45% by weight 
based on the weight of the catalyst carrier (2) and 

the first coat layer (3). 45 

10. A catalyst as claimed in claim 9, wherein the 
amount of the cerium oxide particles ranges from 
5% to 30% by weight based on the weight of the 
catalyst carrier (2) and the first coat layer (3). 

11. A catalyst as claimed in anyone of claims 6 to so 

10, wherein the cerium oxide' particles are con- 
tained in a ratio in weight to the active alumina 
particles ranging from 95 to 5 to 70 to 30. 

12. A catalyst as claimed in anyone of claims 1 to 

11. wherein lanthanum oxide is immobilized on the 55 
cerium oxide particles, in addition to the barium 
oxide. 
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® A catalyst ts comprised of a catalyst carrier (2; 
6) and a coat layer (3, 4; 7) containing cerium 
particles, active alumina particles and a catalyst 
component of a noble metal; and barium oxide is 
immobilized on the cerium oxide particles. The cata- 
lyst can suppress the growth of crystals of cerium 
oxide due to the immo bilization of the barium 
oxide thereon, thereby improving heat resistance of 
the catalyst. 
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